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INTRODUCTION 
For geological ages weathering has caused the leaching 
of the soils of the world and the loss of mineral elements 
needed by plants. The average soil of this country now con¬ 
tains much less phosphorus than either nitrogen or potassium. 
The deficiency of this element often shows up on new land 
after only a few years of cultivation. The need of soils for 
phosphates was so great in 1843 that Lawes began the fertilizer 
industry by selling treated bones from the battlefields of 
Europe as phosphate fertilizers and found it very profitable. 
Phosphorus is needed by all living cells. A lack of this 
element causes slow growth and poor seed formation. It is 
therefore necessary that plants receive an adequate supply 
from the soils in which they grow. Soil scientists recognize 
that the plants growing in an area indicate the type of soil 
upon which they grow. This has been shown by Weaver and Clements 
(50) and Shantz (43)* They have made extensive studies in the 
Great Plains and found that under the same precipitation and 
other climatic conditions the native vegetation may vary very 
greatly and, in fact, different plant communities may occur 
within a radius of a few miles. These local differences were 
due to the differences in soil types. It has often been noticed 
that the first plants to survive on new islands are the lower 
forms of plants, the mosses and lichens. They seem to be able 
to grow on rocks where the minerals are in a very unavailable 
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form. It seems reasonable to assume that as the soils of the 
world have been formed the evolution of plant life has proceed¬ 
ed accordingly and the higher plants are the ones best adapted 
to the well developed or more fertile soils of today. It is 
generally recognized that the more highly developed seed plants 
are more resistant, in many cases, to abnormalities of high 
or low concentrations of elements. Hartwell and Damon (22) 
found quite a difference in response to phosphates by the var¬ 
ious species of crop plants. Other investigators have found 
that there are varietal differences in utilization of phosphorus. 
Some recent studies by Lewis and Eisenmenger (26) indicate 
that there is some relationship between physiological uptake 
of nutrients of high and low plants. Using twenty two species 
of plants they found that the percentage gain of potassium 
from both soluble and insoluble sources tended to decrease as 
the plants ascended fromethe lower to the higher order of plant 
development. Illichevsky (24) studied the flowering of hundreds 
of species of plants and came to the conclusion that, consider¬ 
ing a large.number of species, the more highly developed plants 
showed a later flowering time in the summer. 
Nine species of plants were grown in the greenhouse to 
determine if any relationship existed between the degree of 
plant development and its ability to utilize the various phos¬ 
phates. The ability of the plants to utilize the various 
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phosphates was determined by adding aluminum phosphate, iron 
phosphate, and calcium phosphate to different crocks and com¬ 
paring the plants in each with the controls. The plants were 
observed throughout the growing period for symptoms of defi¬ 
ciencies and differences in growth. At maturity they were 
harvested, dried, and analysed for phosphorus content. 
/ 
EXPERIMENTAL 
In order to insure that every plant was subjected as 
nearly as possible to the same conditions these experiments 
were carried out in the greenhouse. The investigations were 
carried out over a period of one year, however all plants were 
not grown at the same time. It took 216 two-gallon glazed 
crocks to grow the nine species in the various tests. 
Soil preparation 
The soil type used was a Merrimac sandy loam, a glacial 
outwash soil derived from triassic sandstone taken from the 
University of Massachusetts’ experimental plots. For about 
60 years this plot had no phosphates added. The lower part 
of the plot had been limed yearly for the last ten years. 
Soils were taken from the lower section for the tests with a 
high pH soil. The soil from the upper section was used as the 
low pH soil. The limed lower part gave a reading on the 
potentiometer of pH 6.6 and the unlimed soil from the upper 
4 
part gave a reading of pH 4*9• This variation in acidity was 
t 
enough to have a decided influence upon the availability of the 
added phosphates. In fact, the available phosphates were high¬ 
er in the lined soil than in the unlimed soil even at the begin- 
ing of the experiments. The soils were tested for readily 
available phosphorus by the Truog method (48) and found to 
contain 64 pounds per acre in the limed soil and 41 pounds per 
acre in the unlimed soil. The total phosphorus found by the 
Sherman (44) method was 0.12 per cent phosphoric acid in the 
limed soils and 0.11 per cent phosphoric acid in the unlimed 
soils. 
The pot methods for soil cultures were based upon the 
recommendations of various research workers among whom were 
Borden (7), Haskins (23), and Maclntire and Winterberg (30). 
The soil was brought into the greenhouse and allowed to air 
dry for several days, then screened and mixed thoroughly many 
times. Two gallon undrained glazed earthenware crocks were 
cleaned and soaked for several days in water to remove any 
absorbed nutrients. Washed gravel was placed in the bottom 
of each of these crocks, a glass tube was placed upright in 
this gravel, and fifteen pounds of soil was weighed into each. 
Fertilizer applications 
The rates of fertilizer applications were very similar to 
those used in the field. They were calculated on the basis of 
300 lb. per acre of P2O5, 200 lb. per acre K£0, and 200 lb. 
per acre of H. The following phosphates were chosen because 
of their various degrees of solubilities; aluminum phosphate, 
iron phosphate, and mono-calcium phosphate. According to most 
authorities the phosphates in the soil revert to insoluble 
aluminum and iron phosphates, therefore these phosphates were 
used in the experiments. The solubilities of the phosphates 
used were determined by shaking in distilled water and allow¬ 
ing the solution to come to equilibrium overnight and testing 
the water extract for phosphorus. The solubility of the alumin¬ 
um and iron phosphates were 183 ppm and 22 ppm respectively. 
This agrees with the work of McGeorge and Breazeale (31) who 
) 
found solubilities of 12 ppm. PO4 with iron phosphate, and 
113 ppm. PO^ with aluminum phosphates when shaken for one 
half hour. 
The treatments consisted of aluminum phosphate, iron 
phosphate, mono-calcium phosphate, and no phosphorus. These 
fertilizer elements were added in triplicates. All pots also 
received the same amount of nitrogen and potassium. The 
experiments were duplicated in both high and low pH soils. 
Plant species used 
Species of plants were chosen from the order of classi¬ 
fication as given by Pool (41)* There are some slight varia¬ 
tions in agreement between botanists on where some of the 
o 
pianos fall on the chart of plant families and species, but 
tie general evolutionary level of 21cst families are classified 
about the same, For example, asters are always classified as 
very Li^k plants and naivaies as very low plants. As many 
species of plants were included as tine and equipment allowed. 
Tne following plants ..ere chosen and are listed in the descend 
ing order of their development: sunflower, tobacco, tomato. 
buckwheat, sweet clover, beans, mustard, rape. and cotton. 
CCUXk KAMK ORDER FAULT SPECIES 
Sunflower Asterales Compositae Eelianthus 
Tobacco Polemoniaies Soianaceae Ticotiana Tobaccum 
iomaoo ?olemondales Soianaeeae lycopersicon esculent 
Buckwheat Caryophy Hales Poiygonaceae Bagopyron esculenturn 
Sweet clover Rosales Leguminosae Lelilotus alba 
Beans hosales LegnHnosae Pnaseoius vulgaris 
’fustara Papaverales Cruciferae Erassiea alba 
Pape Papaveraies Cruciferae Prassica napa 
Cotton lialvales halvaceae Gossypium hirsutum 
Tomato and tobacco seed were sown in fiats from which 
they later were transplanted. All other species were sown 
directly in the prepared crocks. After the seed germinated 
and the seedlings of each species were well established they 
were thinned to the same number in each pot. The number of 
plants of each species left in the crocks was as follows: 
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sunflower, tobacco, and tomato, one plant* cotton, two plants; 
buckwheat, beans, mustard, rape, and clover, six plants. 
Cyanid gas and DDT were used to control the insects. 
Growth behavior and deficiency symptoms were carefully observed, 
compared, and recorded. All plants were harvested at the same 
stage of maturity. The above ground portions and the roots 
were harvested and stored separately. They were weighed, dried 
at 60 degrees Centigrade for three days, weighed again for dry 
weight, and finally ground in a Wiley mill. All samples were 
then stored in stoppered glass bottles. 
The analytical tests for phosphorus were made on the plant 
material harvested from each crock. There was no combining of 
material from the replicas, When the complete analyses were 
made the results were combined to get the averages. 
Method of analysis 
The analytical tests for phosphorus were made by an adap¬ 
tation of the Sherman method (44)* Extreme care was used in 
preparing the following reagents: perchloric acid, 6C 
ammonium molybdate, 5 grams mixed with 100 ml. of distilled 
water, allowed to stand overnight, then filtered into a dark 
glass bottle;' 1,2,4,- aminonaphthoIsulfonic acid, recrystal¬ 
lized according to Fiske and Subbarow (17)* A 0.125-gram 
sample of this reagent was mixed with 44 ml* of 15% sodium 
hydrogen sulfite in a dark, glass-stoppered bottle. A 20 per 
8 
cent solution of sodium sulfite was then added drop by drop u 
until the solution was clear. This required about 4 ml. 
The reagents and the distilled water used in making the 
solutions to volume were kept at 25 degrees ± 4 degrees centi¬ 
grade. Fresh solutions were prepared every two weeks. This 
* 
was found necessary because temperature affected the readings 
and had to be controlled. The solutions of the reagents were 
subject to some variation over a period of time and were there¬ 
fore discarded every two weeks. 
ANALYTICAL PROCEDURE - A one gram sample of plant material was 
weighed into a 200 ml. beaker and a watch glass used for a 
cover. Ten milliliters of nitric acid diluted with an equal 
volume of water was added to each beaker. The beaker was 
heated on a steam bath for one half to one hour or until the 
organic matter was gelatinous. Then 5- ml. of concentrated 
nitric acid and 5 ml. of 6Qffo perchloric acid was added and the 
material digested on a hot plate. The solutioh was digested 
until clear and the perchloric fumes persisted and then for 
twenty minutes longer. The solution was cooled, dissolved 
in hot water, and transferred through quantitative filter 
paper into a 250 ml. volumetric flask. Hot water was used 
to wash the material into the funnel and also to wash the 
filter paper clean. This solution was cooled, made to volume, 
and an aliquot of 10 ml. taken and transferred to a 50 ml. 
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volumetric flask. Perchloric acid was added to total 5 ml. 
and the volume diluted with distilled water to about 40 ml. 
The flask was shaken after each addition. Then 1.6 ml. of the 
sulfonic acid reagent was added, and finally 4 ml. of ammonium 
molybdate. The volume was adjusted to 50 ml., mixed well, 
and the color measured in .the colorimeter when the solution 
was exactly fifteen minutes old. The zero setting of the instru 
ment was adjusted for the standard solution and the blank of 
the reagents before every series of readings. The instrument 
was thoroughly checked to see that it was functioning right. 
The instrument was calibrated by using different standard 
solutions of mono potassium phosphate. A standard solution 
containing exactly .01 mg. phosphorus per milliliter of solu¬ 
tion was used to establish the chart readings. The readings 
obtained by standard solutions of .05 mg., .10 mg., .15 mg., 
.20 mg., and .25 mg. of phosphorus were plotted on graph paper. 
The chart established by this method is shown in figure 1. 
\ 
RESULTS AND DISCUSSION 
Growth behavior 
It has long been evident that on most soils the addition 
of soluble phosphates to the soils give more rapid growth, 
earlier maturity, and higher.yields of both plant material 
and seed. Probably the first notice of this was taken by the 
English in the Rothamstead Experiments (20) where phosphates 
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Figure 1. Chart for converting colorimeter readings, to milligrams 
of phosphorus 
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increased the yields of turnips, Noll and Irvin (38) have 
shown that superphosphate and other soluble phosphates give 
increaed yields of corn, oats, and wheat on the Iordan fertili¬ 
ty plots at the Pennsylvania Agricultural Experiment Station. 
Probably the most extensive work done with crops and their 
response to phosphates was conducted by Hartwell and Damon (22).. 
They concluded from their experiments at the Rhode Island 
Agricultural Experiment Station that rape, rutabagas, beets, 
and cabbages were high phosphorus response crops, and were 
not successful in supplying their needs from the soil unless 
fertilized. Potatoes, tomatoes, and wheat were found to be 
the low response crops. Sommer (43), Miller(33), and Bray (8) 
state that crops respond almost entirely to the soluble part 
of the phosphorus in the soils. 
Deficiency of minerals are reflected by the plants in 
their growth characteristics, leaf coloration,and other types 
of chlorosis. Meyer and Anderson (33) give phosphorus defi¬ 
ciency symptoms as follows* slow growing plants, slender 
stems, stunted roots, dwarfed plants, and late flowering. 
Miller (33) has pointed out that many plants are hastened in 
maturity when soluble phosphates are added to the soil. Sommer 
(43) actually found that cotton would not mature and set seed 
if the phosphorus concentration in the medium was too low. 
Illechevsky (23) has shown that, considering a large number 
of species, the more advanced species showed a later flowering 
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time in the summer* 
In these experiments the differences in plant growth 
from the various treatments could be observed early in the 
life of most of the plants. Calcium phosphate stimulated 
mustard and rape so that there was more growth by the end 
of the third week. Buckwheat did not show any stimulation 
of growth until almost maturity when larger stems were ob¬ 
served. All other species showed increased growth from the 
additions of soluble and partly soluble phosphates. The control 
plants were in nearly all cases the smallest plants. 
Deficiency symptoms were compared with those by Hambidge 
(21). The symptoms were evident in most plants at maturity 
but were evident much earlier in the lower species of plants. 
Mustard and rape were the first to show deficiency symptoms 
in the controls. Sunflower and buckwheat plants did not ex¬ 
hibit any symptoms of deficiency until almost maturity. There 
were some variations in the growth of species having the same 
treatments. The more soluble phosphate did not always produce 
the largest plants. One sunflower plant in a control grew 
larger than others which had received the more soluble iron 
and aluminum phosphates. This may have been due to a genetic 
factor. The sunflower plants were of a dwarf variety and 
some plants seemed to have a mixed genetic constitution caus¬ 
ing a more rapid growth. Tomatoes in the controls showed a 
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purpling on the underside of the leaves at maturity. 
Maturity was greatly delayed in the controls and some 
plants did not properly flower. Mustard and rape only had a 
few flowers and cotton only showed an occasional flower when 
grown in the controls at a pH of 6.6. In the more acid soil 
the rape, mustard, and cotton did not flower at all when they 
were grown in the control. This substantuates the reports 
in the literature on the subject which state that the flower 
and seed development of plants depend upon the amount of the 
available phosphorus in the soils. 
The total growing time for each plant species with the 
various treatments is given in table 1. The growing time 
represents the days from planting the seed until the plants 
were harvested except in the case of the tobacco and tomatoes 
which were seeded in flats and later transplanted. The growing 
time for these two species represents only the time from their 
transplanting until harvest. The time it takes for a plant to 
reach maturity may be the result of a number of different type 
of factors. Nearly all species of plants vary in their maturi¬ 
ty. This is mainly due to the genetic constitution of each 
variety. In these experiments the actual time various plants 
took to reach maturity was considerably influenced by the soil 
fertility conditions. Plants growing in the crocks having mono- 
calcium phosphate as their source of phosphate were earlier 
maturing than the others. Flowers formed at the same time on 
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T ab le 1 
Time Required for the Various Plant Species to Reach Maturity 
as Influenced by Source of Phosphate, pH, and Degree of 
Evolutionary Development# 
Plants## 
Sources of 1 ̂ hosphate 
CaH4(P04)2H20 
pH 6.6 pH4.9 
A1P04 
pH6. 6 PH4.9 
FeP044Hg0 
pH 6. 6 PH4.9 
Control 
% 
pH 6.6 pH4. 
Tops days days days davs id days days days days 
Sunflower 90 96 93 111 93 111 97 
1 
115 
Tobacco 108 105 115 112 118 112 126 137 
Tomato 71 68 84 74 84 74 88 92 
Buckwheat 87 89 87 89 87 89 87 89 
Clover 88 91 94 98 94 98 101 105 
Beans 40 49 40 54 40 54 42 54 
Mustard 94 99 97 108 97 108 104 122 
Rape 64 68 69 75 69 75 70 94 
Cotton 92 95 92. 102 92 102 106 110 
Average 81.5 84.4 85.7 91.5 86 91.5 
1 
91 102 
«*?■ 
# Results', are the: averages of plants grown in triplicate. 
## Plants are arrang ed in descending order of evolutionary 
development. 
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all the buckwheat plants regardless of the phosphate treatment. 
Mustard, rape, and cotton were finally harvested in the control 
pots at the lower pH although they had not flowered. A very 
definite relationship between the flowering of plants and their 
order of evolution was established by Illichevsky (25). He 
showed a higher percentage of the lower plants blossoming 
early in the springtime. 
McGeorge and Breazeale (31) found the solubilities of 
the phosphates to be in the order of CaH3(AIPO4 
FePO/^EfeO Control. Truog (48) found that the aluminum and 
iron phosphates prepared in the laboratory were slightly sol¬ 
uble. Various species have been shown by Moll and Irvin (38) 
and by Lucas, Scarseth, and Sieling (29) to be more efficient 
at different pH levels in the uptake of phosphorus. 
The yield in dry plant material from each species is 
shown in table 2. Those giving the greatest yields were the 
larger growing species of plants. Sweet clover seemed to have 
a fair growth even on the controls at a high pH. At a pH of 
4.9i however, the clover did not grow at all and most of it 
died. Poorer growth occured on the more acid soil in most 
cases due to the unavailability of phosphates or their rever¬ 
sion to insoluble forms. This is indicated from the work of 
Everson (16) who found that an increase of pH by adding calcium 
hydroxide to soils increased the available phosphorus. The 
soils at a high pH were treated during the past ten years 
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T able 2 
Average Dry Weight of the Plants from Each Crock as Influenced 
by Source of Phosphate, pH, and Evolutionary Development# 
Plant s ## 
Sources of Phosphate 
CaH4(P04)2Hgc 
pH pH 
6 *6 4*9 
AIPO4 
pH 
6.6 
oH 
4.9 
PeP044H20 
pH pH 
6.6 4.9 
Control 
pH pH 
6.6 4.9 
Tops gm gm gm gm gm gm gm gm 
Sunflower- 38.5 6 .5 21.9 2.0 11.1 2.4 9.6 1. 
Tobacco 24.1 17.9 17.8 9.1 20.3 5.7 12.8 6. 
Tomato 8.5 4.3 6.3 3.3 5.6 3.1 3.4 2. 
Buckwheat 36.7 2.7 22.9 2.0 13.5 1.6 6.4 1.! 
Clover 8.6 7.8 6.8 6.1 5.1 
Beans 6.1 6.3. 4.2 2.2 3.4 2.8 2.7 2. 
Mustard 21.7 1.1 10.2 .7 7.7 .6 1.1 
Rape 15.8 1.0 8.0 .6 5.9 .6 .7 .. 
Cotton 28.5 5.9 25.4 3.0 17.4 2.6 8.6 2/1 
Average 20.9 5.9 13.7 2.9 10.1 2.4 5.6 2. 
Roots 
Sunflower 4.1 .5 1.9 .3 1.1 .3 1.9 
Tobacco 3.8 3.1 2.5 1.7 2.8 1.1 2.1 1. 
Tomato 1.8 1.2 1.3 .9 1.1 .7 .7 
Buckwheat 1.0 .8 .7 • 6 .5 .4 .4 
Clover 1.7 .5 .5 1.1 .5 ■ 
Beans .5 .4 .3 .3 .3 .2 .3 
Mustard 3.5 .2 1.7 .2 1.8 .1 .2 • 
Rape 2.0 .4 1.1 .1 1.0 .2 .2 • 
Cotton 2.4 1.1 1.7 .8 1.7 •6 1.4 
Average 2.. 5 .9 1.3 • 6 1.3 .5 .9 
# Results are the averages of plants grown in triplicate. 
## Plants are arranged in descending order of evolutionary 
development. 
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with lime so that the available phosphorus should be higher. 
It was found in the laboratory tests to be more available. 
i 
The differences in the total dry weight of the plant species 
could not be correlated to any degree with the evolution of 
species. The increase in weight due to added phosphates did 
show some significance however. Percentage gains in dry weight 
are shown in table 3« The lower plants were definitely more 
responsive to the addition of any type of phosphates either 
soluble or relatively insoluble. The lower plants, mustard, 
rape, and cotton showed greatest percentage increase in dry 
weight due to the additions of the phosphates to the soil. 
The increases in dry weight was in the same relation as the 
solubilities of the added phosphates. 
Roots show development similar to that shown by the tops. 
Increases in their growth was similar to the increases found 
with the tops and were higher for the plants fertilized with 
monocalcium phosphate. Russell(42) has found similar develop¬ 
ment of certain crop roots. 
PHOSPHORUS UPTAKE 
There is considerable literature on the subject of in¬ 
creasing the composition of plants by fertilization. With 
the advancing of the studies on man and animal nutrition the 
needs of getting plants with high mineral content is shown 
to be important to health. Animals in several states have 
TABLE 3 
Percentage Gain in Dry Weight of Certain Plants as Influenced 
by Source of Phosphate, pH, and Degree of Evolutionary 
Development# 
Source of Phosphates 
Plants## CaH4( PO^gHgO 
dH pH 
6.6 4.9 
i 
AIPO4 ! 
1 
pH pH 
6.6 4.9 
FeP044H20 
pH pH 
6.6 4.9 
Tops per per per per per per 
cent oent cent cent cent cent 
Sunflower 303 290 128 so 16 42 
Tobacco 99 193 40 50 58 - 7 
Tomat o 148 113 82 60 62 53 
Buckwheat 471 125 255 71 110 31 
Clover 71 21 34 
Bean 125 209 57 9 25 44 
Mustard 1899 272 843 144 609 89 
Rape 2154 239 1037 111 740 83 
C ot t on 233 125 197 13 103 
j 
- 13 
Average 611 196 296 60 195 42 
Roots 
Sunflower 114 133 - 26 34 -44 50 
Tobacco 76 170 16 50 31 - 6 
Tomato 152 245 88 1018 60 58 
Buckwheat 195 156 86 111 71 44 
Clover 219 113 19 
Beans 107 43 20 12 7 - 25 
Mustard 1528 133 691 117 714 17 
Rape 916 317 441 117 384 150 
C ot t on 69 209 24 118 20 73 
Average 375 176 161 84 140 45 
# Plants were grown in triplicate and the averages of the 
individual analyses taken. 
## Plants are arranged in descending order of evolutionary 
development• 
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been found with mineral deficiency diseases from eating herb- 
:s~ 
age with low mineral content. The variations in mineral content 
of the herbage is just a result of the mineral content of the 
soils on which the plants grow. Due to the influence of soil 
fertility on the chemical composition of plants various experi¬ 
mental stations have reported different percentages for the 
phosphorus composition of the same species. Beeson (4) has 
compiled considerable data on the average composition of the 
pasture plants.. His results show the composition of some 
4i s t 
plants as follows; buckwheat, .-39% P; sweet clover, .31% P; 
rape, .28% P; and sunflower, .2?^ P* Hester (24) found the 
average composition of tomato plants to be .50$ P. Pierre and 
Robinson (40) and Blair and Prince (6) have also found variations 
in composition due to added phosphates. 
The phosphorus composition of the plants per gram of dry 
material is shown in table 4* Sweet clover and sunflowers 
showed considerable efficiency in taking up insoluble phos¬ 
phorus. Mustard and rape showed the greatest response to the 
soluble phosphates. Certain plants seem to be physiologically 
adapted to using more phosphorus than others. The lower plants 
as a group showed greater response to soluble phosphates. 
Cotton, a very low plant, was a notable exception. It acted 
as the high plants in the respect of taking up more phosphorus 
from the control them other low plants. Total phosphorus up- 
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TABLE 4 
Phosphorus Uptake of Certain Plants Per Gram of 0v9n Dry Plant 
Material as Affected by Source of Phosphate, Evolutionary 
Development of the Plants, and the pH of the Soil* 
• 
Sources of Phosphate 
Plants** CaH4(P04)2-Hg0 A IPO 4 EeP044HgO Control 
t 
pH pH pH pH pH pH pH pH 
6.6 4.9 6.6 4.9 6 .6 4.9 6 .6 4.9 
Tops mgm mgm mgm mgm mgm mgm mgm mgm 
P2O5 P205 P205 P205 P2O5 ^05 p2°5 P205 
Sunflower 11.1 6.9 4.1 2.9 3.7 3.0 3.2 2.3 
T obacco 4.8 4.5 2.8 2.8 2.3 2.5 2.2 2 .2 
Tomato 7.1 6 .4 3.0 2.6 2.7 2.3 2.4 2.0 
Buckwheat 5.1 4.7 3.1 3.1 2.9 2.9 2.5 2.3 
Clover 8.4 5.5 4.2 3.5 3.1 
Bean 5.7 5.1 3.6 3.0 3.4 3.0 2.6 2.0 
Mustard 9.1 6.6 2.7 2.6 2.5 2.4 2.0 2.1 
Rape 9.5 7.8 2;. 8 2.8 2.5 2.3 2.0 1.8 
Cotton 5.9 • 3.7 3.3 2.6 2.9 2.3 2.5 2.3 
Average 7.5 5.6 3.3 2.8 2.9 2.6 2.5 2.2 
Roots 
Sunflower 4.4 4.5 2.2 2.1 1.9 2.3 1.8 1.9 
Tobacco 4.0 3.8 2.3 2.2 2.0 2.1 1.9 1.7 
Tomato 5.4 4.9 2.6 2.2 1.9 2.0 1.9 1.9 
Buckwheat 4.9 3.9 2.7 2.4 2.7 2.0 2.1 1.9 
Clover 5.8 5.5 3.9 3.2 2.5 
Bean 4.9 4.3 3.0 2.6 2.7 2.5 2.3 1.8 
Mustard 5.4 5.0 2.6 2.5 2.6 2.4 2.1 1.9 
Rape 5.5 5.0 2.6 2.6 2.5 2.3 2.0 1.7 
C ot t on 4.6 3.7 3.2 2.4 2.9 2.3 2.4 1.7 
Average 5.0 4.5 2.8 to
 
• 2.5 2.2 2.1 1.8 
* All results are the averages of plants grown in triplicate, 
** Plants are arranged in descending order of evolutionary 
development• 
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uptake was much higher in sunflowers and the other large 
sized plants as can be seen in table 5* The normal size of 
the plant may have a very great effect upon its absorption 
of nutrients, the larger plants absorbing more. Even the 
type of root system it has may affect a plant’s ability to 
take up minerals from the soil. Sommer (45) found that buck¬ 
wheat and wheat, which have a large root system, made a better 
growth at low concentrations of phosphorus than cotton which 
develops a relatively poor root system. The speed at which 
a plant grows may also affect its ability to obtain sufficient 
phosphorus for its needs. A rapid growing plant may take up 
phosphorus more rapidly than it is replaced in the soil solu¬ 
tion. Phosphorus is taken up most readily from mono-calcium 
phosphate and least readily from iron phosphate - aluminum 
phosphate intermediate. 
Pesponse of the plant species to the additions of phos- 
phorus is shown in Table 6. If we take the average percentage 
gains over controls of plants grown with additions of phos¬ 
phate we find the lower order of seed plants exhibiting a 
greater response to soluble and insoluble phosphates than the 
higher plants. 
Only a small number of species of plants were used in 
these experiments, yet the results indicate that there are 
differences in the ability of various plant species to take 
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TABLE 5 
Total Amount of Phosphorus Taken up by the Plants in Each 
Crock as Influenced by Source of Phosphate and Evolutionary 
development of the Plants* 
Source of Phosphates 
Plant s** CaH4( PC 4)2h20 AIP04 FePC44H20 Control 
pH pH pH pH pH pH pH pH 
6.6 4.9 6 .6 4.9 6.6 4.9 6.6 4.9 
T ops mgm mgm mgm mgm mgm mgm mgm 
P2.05 p205 P2O5 P205 P2O5 p2°5 p2°5 F2O5 
Sunflower 428 45 90 6 41 7 30 4 
Tobacco 119 80 50 25 46 14 26 13 
T omato 61 28 19 8 15 7 8 4 
B uckwheat 188 13 70 6 39 5 , 16 3 
Clover 73 29 22 16 
B eans 55 32 15 6 12 9 7 4 
Mustard 197 7 28 6 19 2 2 1 
Rape 150 8 23 2 15 2 2 1 
C ot t on 16 9 22 83. 8 50 6 22 6 
Average 158 29 45 8 29 6.5 15 8.6 
Roots 
Sunflower 18 .2 4.2 4.2 2.1 3.5 
Tobacco 15.2 5.7 5.7 4.0 
Tomato 9.5 2.8 2.2 1.3 
B uckwheat 5.0 1.7 1.3- .7 
Clover 9.9 2.1 3.7 1.3 
Beans 2.6 .9 .7 • 6 
Mustard ! 19.0 4.3 4.5 .5 
Rape 11.1 2.8 2^.4 .4 
Cotton 10.8 5.6 4.9 3.3 
Average 11.3 
10 • 
tb 3.1 1.7 
* Each pot culture received 1.0206 grams of P20^ fertilizer- 
from the various sources of phosphates as indicated. 
** Plants are arranged in descending order of evolutionary 
development • 
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TABLE 6 
Percentage Gain in Phosphorus Content Per Gram of Dry Material 
as Influenced by Source of Phosphate, pH, and Degree of 
Evolutionary Development of Certain Plants* 
3 ources of Phosphate 
Plants*:;-* CaH4(P04)2H20 
pH pH 
6.6 4*9 
A1P04 
pH 
6.6 
pH 
4.9 
PeP044H20 
pH pH 
6.6 4.9 
Tops per per per per per per 
cent cent cent cent cent cent 
Sunflower 2:49 207 30 26 16 25 
T obacco 120 107 30 28 5 16 
T omato 201 107 26 27 15 11 
Buckwheat 104 108 23 35 14 2:9 
Clover 153 36 14 
Beans 116 168 36 61 31 65 
Mustard 349 194 35 25 22 11 
Rape 370 329 40 25 26 55 
Cotton 136 62 20 17 14 22: 
Avera ge 201 
• 
160 32 31 17 20 
Roots 
Sunflower 145 138 23 14 6 19 
Tobacco 113 116 22 25 8 18 
Tomato 183 160 14 14 2 3 
Buckwheat 129 108 26 31 27 8 
Clover 131 55 29 
Beans 118 133 31 41 19 34 
Mustard 155 159 18 36 21 22 
Rape 174 196 30 47 24 36 
Cotton 96 111 37 37 24 35 
Average 138 140 28 31 18' 22 
* All results, are the averages of plants grown in triplicate. 
** Plants are arranged in descending order of evolutionary 
development• 
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up phosphates. The response to additions were generally 
higher for the lower plants. The results of these experiments 
may be related to field conditions. The soils contained 
organic matter and some soluble phosphates which probably 
influenced the results considerably. Further experiments 
along the lines followed here using washed sand culture may 
give greater differences in response by the various plant 
species. 
SUMMARY 
Nine species of plants ranging from high to low order of 
evolutionary development were grown in the greenhouse on 
phosphorus deficient soils of high and of low pH. The plants 
were given various treatments of phosphate fertilizers to 
determine the capacity of the plants to use these phosphates. 
Phosphates were added in the following forms: calcium phosphate, 
aluminum phosphate, and iron phosphate. Throughout the growth 
period the plants were observed for growth characteristics 
and deficiency symptoms. At maturity the plants were analyzed 
for phosphorus content and the percentage gains over the con¬ 
trols were calculated. 
The percentage gain in dry weight from both soluble and 
insoluble phosphates was higher for the low plants. 
Phosphorus uptake increased with the increase in solubility 
of the added phosphates. 
25 
Statistically the percentage gains in phosphorus from 
the insoluble aluminum and iron phosphates were higher for 
the low plants. 
The plants grew larger and took up more phosphorus at 
pH6.6 than at pH 4.9• 
The larger growing species in general gave the highest 
yield in dry weight of plant material. 
The solubility of the phosphates increased the rate of 
growth of all the species. 
In the control medium the plants of lower orders showed 
deficiency symptoms earlier. 
The total dry weight of the plant material harvested 
from each crock depended upon whether the species of plant 
was a large growing plant oi? not. 
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